Leaves extracts and essential oil of Nectandra angustifolia were explored for the first time for neutralization of Bothrops neuwiedi diporus snake venom. The ethanol extract was the most active and inhibited both venom activities (hemolytic and coagulant), while the oil was only active on the coagulant activity. These observations confirmed that certain medicinal plants from Corrientes and Chaco Provinces possess significant snake venom neutralizing capacity and need further examination for their active constituents. Analysis by GC and GC-MS of the essential oil and the enantiomeric excess found for -pinene, -pinene and limonene allowed a better characterization of this species.
Venomous snakebite remains an important medical problem in both developing and developed countries. Envenomation due to snake bite is often treated by parenteral administration of antiophidian serum, obtained from hyperimmunized equines. Through serum therapy, neutralization of the systemic toxic effects is usually reached, but that of local tissue injury is not [1] . The search for novel venom inhibitors is, therefore, relevant, be they natural or synthetic, able to complement the actual serum therapy, in order to neutralize mainly the local damage of envenomation. Moreover, this therapy has the disadvantage that antivenins must be given immediately, and snakebite victims may develop an adverse reaction, including anaphylactic shock [2] .
Plant extracts constitute an excellent alternative with a range of antiophidian activities. In many countries, plant extracts have been traditionally used in the treatment of snake bite envenomations [3] . However, in most cases, scientific verification of their antiophidian activity is still needed. Bothrops neuwiedi is a venomous pit viper species found in South America. Bothrops snake venom is a complex mixture of hemorrhagic, clot-forming, anticoagulant, proteolytic, neurotoxic and edema-inducing toxins, among others [4, 5] . B. neuwiedi diporus (yarará chica) is the species responsible for the major proportion of the viper accidents that occur in Argentina. Although bothropic antiserum therapy has been shown to be effective against the systemic effects of envenomation, hitherto no antidote exists to combat the local damage.
Nectandra angustifolia (Schrad.) Nees & Mart. ex Nees (Lauraceae), a plant found in the fluvial zones of Argentina [6] , and popularly called "laurel amarillo" or "aju'y hû", is reported to posses anti-inflammatory, antimicrobial and molluscicidal activities [7, 8] . People from Corrientes and Chaco Provinces of Argentina [9] also use its extracts for treatment of their domestic animals when bitten by snakes.
The present study evaluated the potential hemolytic and anti-hemorrhagic effect of the aqueous and alcoholic extracts and essential oil obtained from N. angustifolia against B. neuwiedi diporus snake venom. Additionally, and in order to better characterize the chemical taxonomy of the population studied, we report the chemical composition of N. angustifolia essential oil. The minimum indirect hemolytic dose (MIHD) value found for B. neuwiedi venom was 50 g/mL. When the aqueous and ethanolic leaf extracts and essential oil were screened, only the ethanolic extract of leaves (N2) produced inhibition of the hemolytic dependent concentration (p< 0.001). This result could explain the disappearance of the bands in the incubated venom with the extract N2 including that of phospholipase A2 in the SDS-PAGE ( Figure 1 ).
The results of the hemolytic test using several venom: extract ratios from ethanolic leaf extract (N2) are shown in Table 1 . Inhibition of the hemolytic activity showed a linear behavior with the N2 active extract, and the maximum inhibition was found when the venom-extract ratio was 1:30. Regarding the neutralization of coagulant activity, Table 2 shows the results obtained in the coagulant test using aqueous and ethanolic leaf extracts, essential oil and water oil. The water oil showed remarkable anticoagulant activity. In summary, the ethanol extract obtained from leaves was the most active and inhibited both venom activities (hemolytic and coagulant), while the oil was only active on the coagulant activity. However, the water/oil presented more activity. Nectandra angustifolia extracts against Bothrops neuwiedi snake venom, Natural Product Communications Vol. 6 (9) 2011 1395 Table 4 : Average values found for the enantiomeric ratios for -pinene, -pinene and limonene in Nectandra angustifolia essential oil. characterized by high percentages of monoterpene and sesquiterpene hydrocarbons, the amounts varying according to the seasonal stage. Oxygenated mono and sesquiterpenes were found only in small amounts. The compositions were completely different to that previously reported [10] , indicating the potential existence of chemical types within the species.
Finally, as previously reported, chiral flavor and fragrance components in natural products are generally characterized by a specific distribution of enantiomers; in other words, the compound is not always present as a pure enantiomer, but rather with a specific enantiomeric ratio, which may differ according to variety and the influence of extrinsic factors [11] . Table 4 reports the enantiomeric ratios of the components analyzed. It can, therefore, be concluded that the examination carried out on the enantiomeric distribution of the selected compounds allows chemotaxonomic characterization of the N. angustifolia oil from Corrientes, Argentina.
From these investigations, it may be concluded that the ethanol extract of N. angustifolia leaves shows a promising venom inhibition effect against B. neuwiedi. However, pharmacological studies need to be performed using new extract fractions in order to isolate and characterize the active principle responsible for the antiophidian activity. This would provide insights into the elucidation of the action mechanism of the corresponding toxins and development of future therapeutic agents for treatment of ophidian accidents.
Experimental
Venom sample: The venom sample was obtained by the usual milking method from locally caught B. neuwiedi [12] . The pooled venom was dried at reduced pressure and stored in a sealed flask at -15°C for further use. Previous to use, it was reconstituted with physiologic solution. Venom concentration was expressed in terms of dry weight.
Plant material and isolation of volatile constituents:
Three samples of fresh leaves of N. angustifolia were collected from San Isidro (27.51ºS latitude, 58.44ºW longitude) during three different growth stages (I, autumn; II, spring; III, summer). The plants were identified and voucher specimens were deposited at the Herbarium of the IBONE (Tressens 7094, CTES). The oils were obtained from leaves, previously dried during 3 days at controlled temperature, by hydrodistillation during 4 h with a macro distillation apparatus (2 L flask). The oils were dried with anhydrous sodium sulfate and kept in sealed flasks at 15°C until analysis.
Plant extracts:
The N. angustifolia air-dried leaves were powdered, sieved and extracted by maceration with either ethanol 95º (48 h) or distilled water (24 h). The extracts were filtered and the solvent evaporated under reduced pressure using a rotary evaporator (Büchi R-124, Switzerland). The extracts were kept in desiccators under reduced pressure until further use [13] . The extract concentrations, expressed as dry weight, were 9.3% (w/w) and 4.5% (w/w) for the ethanol and water extracts, respectively. Extracts were kept in a refrigerator in well closed containers until use.
Volatile analysis:
The components of the oil were analyzed as previously reported [14] ; identified by comparison of their Linear Retention Indices (LRIs) on two columns, determined in relation to a homologous series of n-alkanes (C 9 to C 26 ), with those from pure standards or reported in the literature [15, 16] . Comparison of fragmentation patterns in the mass spectra with those stored on the GC-MS database was also performed [17, 18] . Enantiomeric ratios of -pinene, -pinene, and limonene were obtained by multidimensional GC using the experimental conditions previously described [14] .
SDS-PAGE analysis:
The protein composition of snake venom was analyzed by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) using Mini-Protean II Electrophoresis Cell equipment. SDS-PAGE (10% w/v) in buffer, pH 8.8 (Tris 18.2%, SDS 0.4%), was performed on a slab according to the method of Laemmli [19] , with 4% (w/v) stacking gel (buffer gel pH 6.8: Tris 6%, SDS 0.4%). The solutions for resolving gels and stacking gels for Tris-Glycine-SDS-Polyacrylamide Gel Electrophoresis were prepared as previously reported [20] . Gels were stained for 3-4 h at room temperature with 0.25% (w/v) Coomasie brilliant blue R in 9.2% (v/v) acetic acid and 55.4% (v/v) methanol, and destained for 24 h with several changes of 7% acetic acid and 30% (v/v) methanol [20] .
Neutralization of hemolytic activity:
Neutralization of B. neuwiedi venom enzymes by plant extracts and essential oils was measured using an indirect hemolytic assay on agarose-erythrocyte-egg yolk gel plate to define the minimum indirect hemolytic dose (MIHD) [21] . The minimum indirect hemolytic dose (MIHD) of B. neuwiedi venom was that which induced a hemolysis halo having a diameter of 10 mm after incubation for 18 h at 37ºC. Several plant extract: venom ratios were tested after being pre-incubated for 30 min at 37ºC.
Neutralization of coagulant activity:
A minimum coagulant dose (MCD) was defined as the amount of Bothrops venom which clots 0.2 mL plasma in 60 seconds [22] . Coagulant activity was expressed by the normal 1396 Natural Product Communications Vol. 6 (9) 2011
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coagulation time restitution percentage after addition of extract/oil induced by the snake venoms in the absence and presence of plant extracts.
